I. Introduction
Now a days, most of the robotic shoulders incorporate different types of universal and spherical joints to represents the function of glenohumeral articulation [1] . In humans, joints may be classified functionally based upon how much movement they allow. A joint that permits no movement is known as synarthrosis.an amphiarthrosis allows a slight amount of movement at the joint. The intervertebral disks of the spine and the pubic symphysis of the hips are the example of amphiarthrosis.
The third functional class of joint is the freely movable diarthrosis joints. Diarthroses have the highest range of motion of any joint and include the elbow, knee, shoulder and wrist.
The human shoulder is the most mobile joint in the body. this mobility provides the upper extremity with tremendous range of motion such as adduction, abduction, flexion, extension, internal rotation, external rotation and 360 0 circumduction in the sagittal plane. Furthermore, the shoulder allows for scapular protraction, retraction, elevation and depression. This wide range of motion also makes the shoulder joint unstable. This unstability compensated for by rotator cuff muscles, tendons, ligaments and the glenoid labrum.
The Shoulder joint is the assembly of three articulations, which are the sternoclavicular joint, the seapulothoracic joint and the glenohumeral joint. The first two connects the shoulder to the body and third joint connects the upper arm to the shoulder. A number of coupled actuators will drive them. The first two joints possess relatively small ranges of motion but their contribution to the arm performances is extremely important. The shoulder complex radically increases the arms mobility and reachability by the use of sternoclavicular and scapulothoracic degree of freedom. This role of the sternoclavicular and the scapulothoracic joint in the human arm movement has been demonstrated in previous work of J. Lenarcic [2, 3] . In recent investigations they also enlarge the self-motion ability and the amount of positioning redundancy of the arm [4] .
The main aim of the article is to describe the design of humanoid robotic shoulder mechanism simulating the function of the sternoclavicular and the scapulothoracic joints. In this work, the kinematic properties of human shoulders are designed by utilizing a fully parallel mechanism with three driven extendable legs connecting a fixed base and a movable platform. The base is attached the body, while the upper arm is connected to the movable platform by a glenohumeral joint.
II. Kinematic Analysis of 3-Limb Spatial Parallel Mechanism with Two Identical Limbs Spatial Parallel Manipulator
The parallel manipulator at hand consists of a moving platform (MP) and a base platform (BP) that are connected to each other by means of four legs, as shown in Figure 1 . Each leg contains two links coupled by a prismatic joint. The central leg is connected to the MP by a universal joint and fixed to the BP. The other three legs are connected to the MP by spherical joints and to the BP by universal joints. The frames XYZ and xyz are inertial and moving frames attached to the BP and MP at points O and O M , respectively. The system has 3-DoF and three linear actuators are connected to three circumferential legs. Hence the MP has three motions: translation along the Z-axis (heave), rotation about the y-axis (pitch) and rotation about the x-axis (roll). Upon obtaining the kinematic constraint equations and the time differentiation of the equations thus obtained, we can obtain the relation between input or joint velocity, q˙, and the output or Cartesian velocity, t, as follows . The inverse kinematics problem involves mapping a known pose of the output platform of the mechanism to a set of input joint variables that will achieve that pose. The inverse kinematics problem of the parallel manipulator can be described in closed form. (2) where the angle  is the rotational degree of freedom of the output platform with respect to y axis. The coordinate of the point P i in the frame R' can be described by the vector ( ) ' i pR (i = 1, 2. 3), and
Vectors   / i bR (i = I. 2,3) will be defined as the position vectors of base joints in frame R, and
The vector (i = 1, 2, 3) in frame 0 -xyz can be written as
Then the inverse kinematics of the parallel manipulator can be solved by writing following constraint equation: Hence, for a given manipulator and for prescribed values of the position and orientation of the platform, the required actuator inputs can be directly computed from (6) . that is
From (7)- (9), we can see that there are eight inverse kinematics solutions for a given pose of the parallel manipulator.
Jacobian analysis of Parallel Manipulators
The Jacobian analysis of parallel manipulators is a much more difficult problem than that of serial manipulators because there are many links that form a number of closed loops. An important limitation of parallel manipulator is that singular configurations may exist within its work space where the manipulator gains one or more degrees of freedom and therefore loses its stiffness completely. The Jacobian matrix is converted into two matrices: one associated with the direct kinematics and the other with the inverse kinematics. Depending on which matrix is singular, a closed-loop mechanism may be at a direct kinematic singular configuration, an inverse kinematic singular configuration, or both.
A parallel manipulator is one which consists of a moving platform and a fixed base connected by several limbs. The moving platform serves as the end effector. Because of the closed-loop construction, some of the joints can be controlled independently and the other joints are passive. Generally, the number of actuated joints should be equal to the number of degrees of freedom of the manipulator. Let the actuated joint variables be denoted by a vector q and the location of the moving platform be described by a vector x. Then the kinematic constraints imposed by the limbs can be written in the general form.
F(x, q) = 0, ----------(10) Differentiating Eq. (7) with respect to time, the following relationship between the input joint rates and endeffector output velocity can be written as
The derivation above leads to two separate Jacobian matrices. Hence the overall Jacobian matrix, J, can be written as ..
q J x 
----------(13) Where J = J q -1 J x. We note that the Jacobian matrix defined in Eq. (3) for a parallel manipulator corresponds to the inverse Jacobian of a serial manipulator. Jacobian matrix of 2URP and 1 RRP manipulator is obtained by differentiating Eq. (6). 
V. Conclusion
The objective of the present work is to identify the best manipulator posture in the entire dextrous work space for a selected architecture and to select the best architecture based on the three performance measures namely Condition number, Manipulability and Minimum singular value. The performance measures are useful for determining the manipulator geometry at the design stage and for determining the manipulator posture for performing a given task at the operation stage.
The Condition Number of a matrix is used in Numerical analysis to estimate the error generated in the solution of linear system of equations by the error on the data. When this number is applied to the Jacobian matrix, the condition number will give a measure of the accuracy of the Cartesian velocity of the end effector that is produced by the joint rates calculated from Jacobian inversion. One of the most important criteria in optimal robot design is that the robot can achieve isotropic configuration i.e configurations where the condition number of its Jacobian matrix equals one. The points where the condition number reaches its minimal value may be considered as optimal working points for a given mechanical structure of a robot.
The transmission Index formed by Jacobian shows the force manipulations and velocity manipulator. The ease of transmitting the loads from the moving platform can be determined by the optimum value. So as per the transmission Indexes Case: 3 is the best structure for force and velocity manipulations.
